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SECTION !

EXECUTIVE SUMMARY

1.1 TIMTRODUCTION

This report addresses the tasks and accomplishments of Science Appli-
cations, Inc., in contractually assisting the U. S. Army's development of
the National Training Center (NTC) at Fort Irwin, California, through NTC
I-ALPHA and the Phase I *ra-sitacn nerisds. SAI's participation in thiz
effort began in 1978 and is characterized by 1) the successful completion
of a detailed baseline anzlysis of the NTC, which provided the program
framework, and 2) the subsequent innovative design, application, and
demonstration of the core instrumentation subsystem (CIs) to enhance
battalion-level, combined-arms, tactical training. In terms of impact, the
NTC technical accomplishments will enhance the field +raining environment
to a point where near combat realism will be achieved in force-on-force
simulated battles, one-sided live-fire exercises, and brigade-level command
battle simulations. As a result, greatly expanded opportunities for
experiential learning and for objective analysis of unit performance will

become available.

Because of the scope and duration of SAI tasks, a detailed series of
special technical reports has been submitted separately during the course
of the NTC development process. A list of these detasied reports is pro-
vided at Appendix B. The primary purpose of this report, therefore, is to
provide a comprehensive summary of SAI's approach to required tazks,
accomplishments, and the major findings and conclusions resulting from this
effort. A discussion of difficulties encountered and SAI's view of future

NTC tasks is also provided.
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1.2 NTC BACKGROUND

1.2.1 The Training Need

U. S. Army readiness to carry out its foreseeable wartime missions is
measured in terms of manpower, materiel, and training. Training 1is a
critical f¢ ttor because it is the process by which organized manpowex and
materiel resources are merged within the doctrinal framework to attain
essential tactical capabilities: levels of effectiveness and performance
that can spell out the difference between success or failure in battle.

Figure 1-1 shows conceptually the payoff of realistic traininge.

1.2.1.1 The Training Challenge

The training challenge has become increasingly complex as advances in
air and ground weapon technology change the tempo, lethality, and spread of
the battle area. To prevail in combat, Army units must be trained in
peacetime to operate effectively in an intense and dynamic battle environ=-
ment; one that demands, more than ever, rapid tactical assessments, timely
decisions, and the skillful employment of forces. Similarly, commanders
must learn to deal confidently with an array cf hostile air power; elec-
tronic, nuclear, biological, and chemical (NRC) warfare measures; and other
sophisticated threats. In the course of such training, the Army must
strive to eliminate the costly mistakes frequently made by inexperienced
soldiers and leaders during their initial exposure to rigorous combat. The
battlefield is unforgiving, and mistakes inevitably lead to loss of lives,
equipment, and battles. As General Rogers, former Army Chief of staff, has
emphasized, "the worst thing that can happen is for a soldier and a unit to
£i-d themselves on a battlefield for the first time and never to have ex-
perienced anything like it before." For these reasons, realistic collec-
tive training is a central Army requirement; a requirement that, if

neglected, threatens losses beyond any acceptable limits.

S ——
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_\ BASIC TRAINING PLUS
COMBAT EXPERIENCE

BASIC TRAINING PLUS
HOME STATION TRAINING AND
COMBAT EXPERIENCE

BASIC TRAINING PLUS
HOME STATION TRAINING,

NTC, AND COMBAT
EXPERIENCE

CASUALTIES PER DAY

DAYS OF COMBAT

TOTAL CASUALTIES EQUALS THE AREA UNDER THE CURVE.
THE BETTER THE TRAINING, THE FEWER THE CASUALTIES IN COMBAT.

Figure 1-1. Combat Effectiveness Payoff Through Realistic Training
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1.2.1.2 The Train-Evaluate-Train Model

In response to the increased training challenge, the Army instituted
the comprehensive Army Training and Evaluation Program (ARTEP), a collec-
tive training piogram, described by the train-evaluate-train model. Since
tactical experience is fundamental to sound combat decisions, field train-
ing under the ARTEP program is intended to elicit, as closely as possible,
the same tactical planning and decision challenges as those expected in
combat. Moreover, it is recognized that, unless this is accomplished with
t.igh fidelity, both what is learned and the evaluation process that directs
future remedial training suffer. Similarly, there is a keen awareness that
the means of evaluating unit performance and effectiveness must be credible

and responsive.
1.2.1.3 Training Constraints

Nowhere is the need for realistic training and a credible evaluation
process manifested more clearly than at the battalion level. BAs the basic
combined-arms building block, the battalion task force is the pivotal
echelon of tactical command in terms of its role in fighting the 1land
battle. Battalion commanders and their oprrating staff must be trained to
fit their forces to the ground and skillfully orchestrate the combat power
of maneuver forces, artillery, Army aviation, and tactical aircraft to de-
feat the enemy, often a numerically superior force. Yet, virtually every-
where it is stationed, the Army has found itself severely constrained in
providing the full range of resources necessary to support realistic

battalion task force training. The most common of these constraints are:

® The lack of adequate maneuver area for two-sided armor and
mechanized exercises

e The lack of modern live-fire ranges for unit tank gunnery and
anti-tank missile training, often because the exceptionally
large safety fans required exceed available acreage

® The proximity of civilian communities to training areas, which

limits the ability of units to employ safely electronic war-
fare, close air support, laser designators, and other essen-

tlal taCtlcal bysten\s
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e The lack of dedicated resources to portray realistically an
opposing force and to provide the means for contrelling and
evaluating task-force-level exercises.

Looking ahead into the 1980s, the Army has concluded that the impact
of these local training constraints will increase in relation to the
training need as newer air and ground weapon systems, now under develop-
ment, are delivered to tactical units. Included in this category are the
¥M-1 tank, the advanced attack helicopter, the general support rocket
system, the division air defense gun, and the infantry fighting vehicle;
all will increase the squeeze of land and training resources at local

installations.

Together, the growing inadequacy of current training facilities, and
the urgent need for enhanced realism and improved means of evaluation, have
triggered the development of a National Training Center concept, a concept
that was formally set forth by the Secretary of the Army and the Chief of
Staff in their 1978 joint-posture statement to Congress. In that state-
ment, the Army indicated the need for "one or more National Training
Centers, large military reservations which can support the kind of combined

arms training needed to ready the total Army for battle in Europe."”

1.2.2 Program Concept

The underlying concept of the NTC at Fort Irwin i§ to prcvide a
learning environment that will allow the Army to bridge the gap betuween the
level of tactical effectiveness that can be attained by units at their home
stations and the level required to survive and win in combat. Figure 1-2
lists the key elements of the concept. More specifically, a facility
where: 1) heavy battalion task forces, brigade headquarters, and support-
ing units can conduct realistic and intensified training that is not
possible at their home stetions because of increasing resource constraints
or the prohibitive cost of upgrading local training areas; 2) objective
information can be collected and analyzed to improve doctrine, tactical

training systems, equipment, and tactical procedures; 3) detailed feedback

VA
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To train a battalion task force and its superior brigade and
parallel battalion staffs in a realistic surrogate combat er-~
vironment combining:

e Large-scale field maneuver and firing exercises against a
realistic OPFOR including electronic warfare

e Direct fire simulation using advanced laser weapon en-
gagement and weapon effects cue generation techniques

e Live-fire exercises against coordinated dynamic target
arrays emulating realistic scenario situations

e Simulation of battle context using advanced real-time,
two-sided, free-play command battle simulation tech-
niques.

Figure 1-2. NATIONAL TRAINING CENTER CONCEPT

can be provided to participating units, as an extension of the ARTEP pro-

grams, for use in directing subsequent home-station training.

The NTC is conceived as a centralized training facility, modeled after
the successful U. S. Air Force Red Flag Program at Nellis Air Base. The
Fort Irwin facility will serve as a focal point of Army combined arms
training, a place where all continental United States (CONUS) based armor
and mechanized battalions will periodically deploy to "put it all together"
against a highly skilled opposing force (OPFOR) in situations closely
approximating actual combat and against a dynamic target array in live-fire

exercises.

The concept further envisions the unique merging and application of
modern instrumentation technology to create the near-combat environment and

enhance the evaluation and feedback process.

S
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U. S. Army, TRADOC, in its subsequent expansion of the NTC concept,
identified seven significant elements to be stressed in the development

program.

1) The Battalion Task Force (BTF) -- a combined arms team with a
staff and a critical task of planning, coordinating, con-
trolling, and supporting combat power on the battlefield.

2) The Opposing Force -- a dedicated unit, sized and equipped to
operate against the BTF in realistic numbers, using Soviet
tactics and signatures and operating as part of the control
force to ensure proper balance in combat operations.

3) Electronic Warfare (EW) -- the use of jammers against U. S.
communications and electromagnetic devices in & manner
expected of the Soviets in Europe.

4) Close Air Support (CAS) -- the opportunity to plan and exe-
cute joint air-ground operations.

5) Live Fire (LF) -- an imaginative use of dynamic, instrumented
targets to provide a realistic threat, both offensively and
defensively, to the BTF under conditions that permit the BTF
to coordinate and control live fires.

6) Weapon Engager ent Simulation (WES) =-- the use of lasers and
computers to simulate fires on the battlefield, including a
realistic and understandable assessment of casualties.

7) 1Instrumentation -- the use of sensors, computers, and data
communications to tie together the whole NTC activity and to
capture that activity in a manner which permits effective
training feedback and assessment.

1.2.3 Mission Requirements

The NTC development program is both comprehensive and sophisticated in
terms of its scope and the number of different technical disciplines
required. The instrumentation systems in particular must address func-
tional and performance requireme panning the full spectrum of opera-

tional situations. Accordingly tical NTC mission requirements are:

e Real-time monitoring and coordination of combined large-unit
(BTF) field maneuver and command post brigade (BDE) exercises.

VA
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e A dynamic live-fire exercise with realistic portrayal of enemy
target arrays and real-time scoring.

e Provision for combat realism while maintaining non-intrusive
positive control to assure safety and adherence to the rules
of engagement.

e Real-time interactive coordination and control of a realistic
opposing force as a means tc create the desired training
stimulus and environment to assure that overall training :
objectives are met. g

e Near real-time planning, synthesis, and execution of after-
action reviews (AAR) at various command echelons using a
multimedia presentation of training feedback data including i
audio, video, and digital displays. j

® A 24-hour per day, 7-day per week training schedule capable of
exercising BTFs during 2 weeks of intensive training.

e An ability to provide an effective test bed for the training
developments and combat developments communities while not
interfering with the primary training mission of the NTC.

e Management of NTC electromagnetic emissions to avoid inter- :
ference with NASA Goldstone, U. S. Army, and U. S. Air Force
operations.

e DProvision of take-home training feedback packages to drive and
enhance remedial training at home station to correct defici-

encies noted at the NTC.

Each of these critical mission requirements are specified in detail in

the NTC Development Plan published by HQ, U. S. Army TRADOC, 3 April 1979.

1.3 PROGRAM OBJECTIVE

The broad objective of the overall NTC program is to establish an
early operational capability at Fort Irwin, California, for battalion task
force training under conditions that minimize technical, schedule, and cost

risks.

Based upon this objective, a phased development strategy has been

established as discussed in the section which follows.

VA
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1.4 DEVELOPMENT STRATEGY AND CHRONOLOGY

1.4.1 Development Strategy

The NTC program is based on a phased development and implementation

strategy shown in Figure 1-3. The strategy. discussed below, stems from

the NTC Baseline Analysis conducted by SAI in 1978 and 1979 (see Appendix

B). This comprehensive analysis established the conceptual framework to

attain an early operational capability while also identifying the need for

advanced technology development by the Defense Advanced Research Projects

Agency. The analysis included:

e Synthesis of the NTC concept

e Detailed definition and analysis of NTC functions and func-

tional interfaces

e Assessments of available technology and related risks

e Implementation concepts

e Program roadmapse

From these, a two-phased approach was established. In general terms,

g an initial operational capability in early FY
The Phase II plan

Phase I focuses on attainin

1982 using off-the-shelf instrumentation technologies.

is to build on the Phase I experience by introducing advanced technologies,

particularly those that will permit a fully decentralized position location

system and enhanced laser engagement simulators for all tactical weapoOn

systems.

The key features of the development strategy for NTC instrumentation

systems are:

® System flexibility to accommodate future growth and applica-

tions

e Minimum technical, schedule, and cost risks

e Modular design

Science Applications, Inc.
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e Parallel development of baseline capabilities

® System reliability, availability, and maintainability.

Within this development strategy, the key attributes that drove the

NTC design are summarized as follows:
® Large unit (BTF) field maneuver and command post-exercise
training (simultaneous coordination of ES and CBS)

e Combat realism while maintaining safety (non-intrusive posi-
tive control)

® Production training schedule (40+ BTFs per year)

® Near-real-time training and readiness feedback (after action
review (RAR; 30 minutes after each exercise segment)

® Support force readiness assessment combat developments without
interfering with "production" training operations

® Need to conduct training experimentation and to inteqrate new
training concepts and equipment into NTC without significant
impact on training schedule

® Management of EM spectrum'to avoid interference with Goldstone

e Provide take-home remedial training package

The NTC I-ALPHA program was planned and conducted as one of a series of
major developmental steps in the stfategy to achieve an early operational
capability. It provided the first opportunity to validate the instru-
mentation concept and to test and evaluate selected components of a proto-

type Phase I system undey field conditicus at Fort Irwin, California.

1.4.2 Development Chronology

The chronology of the NTC development process and related SAI tasks
through the Phase I transition period is shown in Figure 1-4. A further
summary of SAI's role and accomplishments in fulfilling these tasks is

provided in the following paragraph.
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MAY 1878
JULY 1978

SEPTEMBER 1978

OCTUGJER 197B

FEBRUARY 1979

MARCH 1979

JULY 1979

SEPTEMBER 1979

SEPTEMBER 1979

NOVEMSER 1379

DECEMBER 1979

DECEMBER 1973

JANUARY 1980

FEBERAUARY 1980

MARCH 1980
APRIL-SEPT. 19B0

OCT.19B0-MAY 1981

INITIAL PROPOSAL TO DARPA
COMPETITIVE MICOM {DARPA) CONTRACT FOR $100K

NTC CONCEPT STUDY PRESENTATION TO
DARPA/TRADOC

$100K ADD-ON FOR FURTHER NTC CONCEPT
DEVELOPMENT

SAl CONCEPT FOR I-ALPHA DEMONSTRAV'ON

$450K ADD-ON FOR NTC AND I-ALPHA CONCEPT
DEVELOPMENT

DRAFT NTC FUNCTIONAL SPECIFICATIONS

PRELIMINARY CIS SOFTWARE DESIGN FOR
I-ALPHA

$300K ADD-ON FOR I-ALPHA DEMONSTRATION
DEVELOPMENT

INITIAL CIS SOFTWARE DEMONSTRATION

$1.5M ADD-ON FOR I-ALPHA DEMONSTRATION
CONDUCT

CIS HARDWARE AND SOFTWARE INTEGRATION
AT SUNNYVALE

CIS INTEGRATION AND TEST AT Fi. IRWIN

NTC I-ALPHA INSTRUMENTATION INTEGRATION
AT FT. IRWIN

NTC I-ALPHA DEMONSTRATION TO ARMY
REVISION AND DOCUMENTAT!ON FOR I-ALPHA

NTC PHASE | TRANSITION PLANNING

Figure 1-4. SAl NTC History
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1.5 SAI ROLE AND ACCOMPLISHMENTS

The SAI role began in response to Army Technical Requirement Number
N094, dated 20 June 1978, and continued contractually through the NTC
I-ALPHA demonstration and the subsequent Phase I transition period. SAI,
for nearly 3 years, has had a leading role working for and with DARPA and
the U. S. Army to conceive, design, and develop the NTC. Because of the
scope and duration of SAI tasks, the following outline of SAI's role and
accomplishments is provided. Specific technical details are provided in

the separate reports listed by title in Appendix B.

1.5.1 Support Functions

A. Baseline Support
1) Performed top-down functional analysis to define and
validate functional requirements and to synthesize a
functional design for the NTC

.

2) Synthesized the NTC operational system concept
e Training concept
e Operational concept

3) Performed system design tradeoffs to assess the utility
and feasibility of using off-the-shelf software and
hardware

4) Developed programmatic roadmaps for:

e Phase I System: initial operational capability (1I0C)
-- FY 1982 (off-the-shelf)

e Phase II System: IOC -- FY 1986 (advanced technology)

5) Supported specification of NTC hardware system require-
ments and design '

S

Science Applications, Inc.

b A b i
FIAE PN T Pty 1 A1 T T 4 e b e e ekl 3 i Tk <




NTC I-ALPHA Support

1)

2)

3)

4)

5)

6)

7)

NTC

1)

2)

3)

4)

5)

Designed prototype CIS system configuration

Designed and developed demonstration software

Defined measures of effectiveness (MOE), measures of per-
formance (MOP), and essential elements of analysis (EEA),

and test scenarios

Trained CIS operational personnel for company-level
exercise

Modified digital map preprocessor for NTC application

Analyzed and developed AAR training and operational
techniques

Provided on-site training and technical support for CIS
operations

I-ALPHA Analysis and Revision

Refined CIS design (hardware and software) based on NTC
I-ALPHA experience

Designed scftware requirement traceability module for
software development and management

Developed software configuration for test support driver
Recommended design of AAR process

Developed CIS manning recommendations and human factors
considerations

Phase I Transition Program

1)

2)

3)

4)

5)

6)

Provided requirements analysis and definition needed to
support Phase I CIS design and operational training plan

Developed detailed CIS transitional design including
hardware, software, facilities, systems, and subsystem
configurations

Provided software transitional design for program design

review (PDR), including expanded interactive display and
control systems

Prepared expanded design of test support driver
Analyzed requirements for software development facility

Prepared operational training plan and requirements
analysis based on NTC I-ALPHA experience.

Science Applications. Inc.
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1.5.2

ahead

categor..zed below:

Factors Contributing to Success

The fact that SAI successfully completed all assigned tasks on or

of schedule and within costs can be attributed to a number of factors

® Management

- An in-depth understanding of all facets of the NTC mission

-~ A dedicated and stable team of competent and innovative
people

-~ Assignment of team members to subsystems in a manner which
grouped together functionally and technically compatible
areas to minimize interface complexities

- Corpocrate-wide interest and support for the NTC program

e Design concept

- Explicitly accounting for risk as major criteria in hard-
ware and software design tradeoff analysis

- Building on a design concept which proved feasible and
effective in the NTC I-ALPHA demonstration

- Use of cummercial off-the-shelf hardware and standard
hardware interfaces exclusively

- Built~-in flexibility to accommodate future crowth of CIS
system

- Use of state-of-the-art programming and documentation
standards for operational software

e Training

- Training program for CIS operators that was sufficiently
flexible to accommodate anticipated evolutionary changes in
systems operation

- A highly qualified and dedicated team to conduct the train-
ing

- Swift reaction to stcdent feedback.

VA
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1.6 DIFFICULTIES ENCOUNTERED

Aside from the problems normally associated with a development program

of the scope and complexity of the NTC, other significant difficulties were

encountered, the most important of which related to funding:

1.7

1.7.1

A "stop and start" effect threatened program continuity and
momentum

Key personnel were retained, at a considerable risk, until
funding issues were resolved

Another related difficulty was caused by the requirement to
keep costs to a minimum.

Coordination and management difficulties were encountered
during the NTC I-ALPHA program because of the co-equal status
of participating contractors, SAI, Ford Aerospace and Communi-
cations Corporation (FACC), and General Dynamics/Electronics
(GDE) »

The remote location, austere environment, and climatology of
Fort Irwin were a significant challenge to the ingenuity and
capabilities of all concerned

There was a degree of program risk and turbulence affecting
operator training, since training was seriously affected by
the schedule constraints

The need for a definitive set of MOE: and MOPs has not been
fully satisfied.

SUMMARY OF CONCLUSIONS

Conclusions

Realistic combined-arms training is a central Army requiremen®.

The

comprehensive NTC development program represents a major commitment by the

Army to satisfy that reguirement.

Based on the NTC I-ALPHA experience, the

NTC offers the potential to raise the level of unit tactical effectiveness

to a point never before achieved in peacetime.

of the NTC support this conclusion and are presented as follows:

VA
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® TIts size and location (away from civilian communities)

® Its application of advanced technology devices such as lasers,
computers, position location systems, and munition simulators

® Its one-of-a-type nature also will permit the development of
skillful and dedicated opposing forces

e Its computer systems will capture and retain data that can be
used to:
- Assess training effectiveness
- Assist in reviewing doctrine and readiness
- Aid in weapons analyses and modeling
- Provide follow-on remedial training

- Measure the degree of experiential learning

The paragraphs which follow summarize the major conclusions derived
from the NTC baseline analyses, the NTC I-ALPHA program, and the Phase I

transitional period.

1.7.2 NTC Baseline Analysis

The initial NTC baseline analysis conducted by SAI was an essential
step in establishing a framework for an early operational capability of the
NTC by TRADOC. SAI's detailed functional analysis, carried out to the
fourth level of detail, defined for the first time NTC system functions and
interfaces. Moreover, it provided the first comprehensive specification of
functional requirements,. which with only minor refinements, has proved

valid in subsequent development stages.

An overview of this analysis is provided in Figure 1-5. In this
l figure, the top-level system functions are listed on the diagonal in the
darkly outlined boxes and major subfunctions within each top-level function
are listed within the coresponding diagonal box under the name of the top-
level system function. Entries in off-diagonal boxes define the functional
interactions between the corresponding two-system functions on the di-

agonal. Specifically, entries in off-diagonal boxes on any row (either

VA
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right or left of the diagonal) are outputs from the corresponding system
function on the diagonal. Entries in any column (either above or below the
diagoral) are inputs to the corresponding system function on the diagonal.
Therefore, entries in an off-diagonal box formed by the intersection of a
row and column from functions on the diagonal define the functional input/

output relationship between the corresponding two system functions.

The concept, developed during the baseline analyses, of using off-the-
shelf technology for NTC I-ALPHA has proven sound and will allow the Army

to attain an early operational capability with minimum risks.

1¢7.3 NTC I-ALPHA

The NTC I-ALPHA program has validated SAI's design of the core instru-
mentation system. Specifically, the program successfully accomplished the

following:

e Demonstrated a prototype SAI core irstrumentation subsystem

e Demonstrated a distributed, direct-fire, real-time casualty
assessment (RTCA), engagement simulation

e Demonstrated a method of indirect-fire casualty assessment

e Demonstrated the interface between the CIS and the range
measurement system

e Demonstrated an SAI system for data collection that can be
manipulated to display selected MOE/MOP for after-action
reviews

e Provided valuable experience in exercise monitoring and con-
trol (EMC) and training analysis and feedback (TAF) function-
ing

e Provided valuable experience with the field controller struc-
ture and its interface with the core instrumentation.

VA
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1.7.4 Phase I Transition

The transitional concept of dividing the NTC instrumentation system
into “hree major subsystems, range data measurement, core instrumentation,
and range monitoring and control, will minimize the complexity of sub-

systems interfaces during Phase I development.

The Phase I transitional design provides for the recovery of the

software developed for the Army during the NTC I-ALPHA program.

SAI's analysis and definition of requirements to support Phase I
design and operator trair.ing incorporate the significant lessons learned

from the NTC I-RLPHA program and provide for an orderly, evolutionary

growth of NTC capabilities.

1.8 FUTURE TASKS

Locking ahead, the most salient feature of the NTC will be its evo-
lutionary growth. The basic objective which the NTC must meet is to
provide a realistic combat environment for training. This means that no
single type of training nor any specific group of training programs will be
used or practiced exclusively. To accomplish its purpose, NTC capabilities
must evolve and change with doctrine and techniques of warfare. In this
process, additional elements of combat must be incorporated to enhance the

training environment. Refinements must be made also to existing instru-
mentation. Categorized in the following paragraphs are future tasks which

SAT believes should be addressed on a priority basis.

1.8.1 Field Artillery

Indirect fires are already a part of NTC, but the speed, completeness,
and flexibility of their implementation need to be improved. A system
should be considered which will permit automated monitoring of the field
artillery TACFIRE system. In addition, Ffurther research is required to

develop a suitable method for marking fires.

1-20
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1.8.2 Close Air Support

Use of tactical aircraft, both fixed wing and rotary wing, in a close
support role is currently within the state of the art. It is not inex-
pensive to instrument aircraft, but the training benefit should more than
offset the costs. Realism in offensive or defensive operations will be

greatly affected by the presence or absence of close air support.

1.8.3 Electronic Warfare

Intelligence indicates that the Soviets have given major attention to
electronic warfare and that U. S. forces in the field can expect to be
attacked Dby electronic means. EW training, in both an offensive and
defensive mode, will become an important aspect of training at Fort Irwin.
The means of EW employment should be examined with an eye toward prompt

application to the NTC program.

1.8.4 Nuclear, Biological, Chemical

Combat in the European theater must be considered to involve NBC. The
Warsaw Pact forces train seriously in both offensive and defensive NBC
measures. Inclusion of the nuclear and chemical facets of warfare should
be intrcduced relatively early in the next phases of the NTC. The bio-

logical training requirement remains undefined.
1.8.5 Air Defense

Realistic air defense training should be introuuced at the same time
close air support is introduced into the NTC. This will require laser
emitters and sensors (or other suitable means of realistic engagement

simulation) on aircraft as well as on the divisional air defense weapons.

VA
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1.8.6 Mine Warfare

Emplacement and breaching of mine fields is planned to be a part of
the NTC training. Such operations are currently within the state of the
art and, depending on how training is tailored for each unit, should be
incorporated into scenarios. Commanders should have a "menu" from which
they will be able to designate the types of training needed by their units.

Mine warfare should be included on this menu.

1.8.7 Post Processing Training Analysis

SAT has recommended a computer program that will construct a take-home
instructional package. This package will be processed in an off-line mode
following termination of the exercise and upon completion of the after-
action review. The preparation of this take-home package will be linked to
the after-action review through the exercise simulation history file.
Specific MOE and MOP combinations that can be supported by data from the
exercise simulation history file and that answer selected essential ele-

ments of analysis will be processed by an off-line program.

The product of this processing will be a take-home report that will be
directly correlated with the after-action review and will provide a review
package of salient instructional points which can be reviewed ({(without

special equipment) by the unit at home station.

Examples of the formats used for displaying data that support the EEA
are: 1) graphs and charts, 2) tables, 3) lists, 4) hard copy of graphic
overlays for a particular map area, and 5) critical events that were
controller identified. The indicated list is potentially much larger and

can be added to as requirements increase and the configuration of the take-

home package becomes clarified.

S

Science Applications. Inc.

i




1.8.8 NTC Planning and Scheduling

Although hard requirements have not been specified for this area, the
NTC I-ALPHA software design should provide significant latitude for imple-
mentation of exercise planning and scheduling functions. An engagement
simulation (ES) scheduling function will have an equipment and vehicle
maintenance data base. The format and record specifications lend them-
selves to personnel or additional equipment being added. Quantitative
supplies (gas, oil, etc.) will also be maintained in an operational status

i data base.

The statistical displays and alphanumeric terminals will be provided
to support maintenance and status menu processing. A resource management
: function will be fully supported by the initial suite of both hardware and
support software (data base services, menu services, cttc.) recommended as

part of the IOC configuration.

1.8.9 Support Software

SAI developed a number of software development, maintenance, and
testing tools to speed and simplify the program development process. A few

of the software support modules developed by SAI are described as follows:

e Requirements Tracing Module

1 A requirements tracing module has been designed by SAI to
automatically map software requirements from high-level
mission requirements through system- and software-level
requirements to the actual code.

e Librarian

SAI has developed an automated source code librarian for main-
taining configuration control of software products. The
librarian is able to track and maintain software products
through various versions and configurations, allowing the
reconstruction of any version or configuration of a program
automatically.

S ——
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® Automatic Test Analysis Tool

SAI has prepared several automated analysis tools for the
testing of software. One such tool provides metrics on a
number of key software attributes (such as program complexity)
to note areas requiring the most extensive testing.

1.8.10 Mobile Instrumentation

As a spin-off of the NTC development programs, SAI believes that it is
feasible to develop a mobile, small-scale version of NTC instrumentation
that could be used to enhance small-unit training. Such systems could be
taken to locations where active and reserve units can conveniently train at
the squad, platoon, and company levels. Other variations of this concept
could be aimed at improving training for the rapid deployment force and for
specialized training, such as combat in cities, air landings, and river

crossings.

1.9 OVERVIEW OF REPORT

The following sections of this report provide a comprehensive review
of SAI's role and accomplishments in support of the NTC development pro-
cess, culminating with a detailed requirements analysis, transitional CIS
design, and operational training plan to support Phase I development. The
objective of SAI's tasks was to assist the Army achieve an early NTC opera-
tional capability with minimum technical, schedule, and cost risks. This

objective has been achieved.

VA
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SECTION 2

CONCEPT DEVELOPMENT AND FUNCTIONAL ANALYSIS OF NTC

This section presents an overview of SAI's research effort conducted
in response to Technical Requirement Number N094, dated 10 June 1978, and
reported to DARPA and TRADOC in September of that year. Given the Army's
urgent training requirements, this tasking document set in motion a compre-
hensive analysis of the NTC concept and functional framework as an essen-

tial first step in laying the foundations for all subsequent NTC develop-

ment planning.

2.1 CONTRACT OBJECTIVE

The specified objective of this research effort was to provide a
detailed functional analysis of the NTC to support both DARPA and TRADOC in
their planning for the NTC. Further, the analysis was intended to provide
a framework which would allow TRADOC to achieve an early operational
capability while also identifying requirements for advanced development of

needed technologies by DARPA.

2.2 SAI APPROACH

To accomplish the above objective, the analytical approach outlined

below was followed.

CONCEPT SYNTHESIS (Selection and definition of pre-
ferred concept)

FUNCTIONAL ANALYSIS (Definition and specification of
functional requirements)

TECHNOLOGY ASSESSMENT (Assessment of training system tech-
nologies on near-, mid-, and long-
term NTC capabilities)

SYSTEM DEFINITION (Selection and definition of pre-

ferred systems for near-, mid-, and
long-term NTC capabilities)

PROGPBM ROADMAPS (Development of two time-phased
program schedules) /‘/
y
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2.2.1 Concept Formulation

SAI's initial effort was directed toward synthesizing and evaluating a
number of NTC operational systems concepts. Each concept was evaluated in |
terms of training, operational, and technology issues. Both centralized
and decentralized instrumentation concepts were examined, taking into
account the various operational and training systems that were currently
available or would be available in the 1981-1985 time frame. SAI's selec-

tion of a preferred NTC system concept, along with selection rationale, was

g oo i s B

approved by both DARPA and TRADOC in 1978 and has served as the basis for ,

subsequent NTC program development.

Early in the examination of the NTC concept, SAI identified two key

demands on the data collection systems which were not easily meshed. The

first was the requirement to acquire and process «.. data needed to satisfy

a wide variety of measures of effectiveness; measures which could be

expected to change periodically as experience is gained in NTC operations.

The second demand was for a data collection system that would have long-

term utility and stability in terms of not requiring costly changes or

modifications as the Army progresses through its developmental activities,

and as the NTC was brought to full maturity.

Based on these demands, SAI proceeded to develop the conceptual

framework within which the instrumentation and data collection systems

could be built in a way that minimized changes over time and, at the same

time, provided the dynamic MOE support needed by the training analyst.

System flexibility, therefore, became the cornerstone of the SAI approach.

2.2.2 Top-Down Analysis

Using the missions and basic objectives of the NTC as a starting point
for its analysis, SAI expanded the conceptual view of the NTC to its full 3
potential and then performed a comprehensive top-down analysis of each

functional component (Figures 2-1 through 2-12). The analysis synthesized

2-2 Science Applications, Inc.
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